Longitudinal and transverse wake fields are constructed for LER PEP-11. The effects of potent a1 well distortion and the single bunch longitudinal stability are discussed for LER PEP-I1 storage ring. The coupled-bunch stability recalculated with the updated impedance.
from the BB loss-factor Generally, A depends on the choice of 00 but the dependence is week. Fig. 1 depicts the sum of the loss factors and A vs fo = Ro/2n. We choose 00 corresponding to the nine-th mode fo = 2162 MHz and take A = 0.05. Expressions 
( 5 )
nents of the vacuum system such as bellows, ante-chamber, RF seals, tapers, screened pumps, etc., see Table l , give13'BB mostly inductive impedance with the total inductance L = 87 nH and the total loss KBB = 3.5 V/pC calculated for the rms 0 = 1 cm bunch. Subtracting the contribution of the NB modes of the BPM-s, we get tcgg = 2.9 V/pC. 
3.4
These contributions can be described by the sum of pure inductive and pure resistive impedances as it is described in[31. However, a constant resistive term may exaggerate the resistive part of the impedance at high frequencies. To avoid this, we tried to model the contribution of the vacuum components by Q = 1 BB model taking a single term in Eq. (1) with a resonance frequency and the loss parameter fir. The low frequency limit relates the loss parameter with the inductance = Lxz/(2u2)
where xr = w,u/co. To find xT we calculated as function of xr with the loss factor defined from L = 87 nH. Dependence of KBB on $1-is shown in Fig.2 . To get KBB = 2.9 V/pC, the parameter 2,-has to be 2 1 . = 0.29 what corresponds to fi. = 1.4 GHz. This frequency is well below the 5 GHz frequency spread of 1 cm bunch contradicting the results of simulations that the wake fields of the vacuum components are inductive. Indeed, the wake given by the Q = 1 model with parameters defined in this way from L = 87 nH and K B B = 2.9 V/pC does not look inductive, see Fig. 3 . Hence, the Q = 1 model is not self-consistent.
For this reason, we tried another model to describe the wakes of the vacuum components. The simplest form of the impedance, which is inductive at low frequencies and rolls off as l / d w ) (result known for a pill-box cavity with attached tubes) is
or, using z = wa/c,
The impedance in this form has two parameters, the same number as Q = 1 model has. The impedance for w < 0 is defined by Z(-w) = Z*(w). The wake field is given by an integral
where the contour of integration is above the real axis of w.
One of the parameters, L, defines inductance at small frequencies, another parameter, a defines the loss factor. The loss factor for a bunch with rms CTB >> a is Parameters in Table 2 were found in simulations with CTB = 1 cm. They define L = 83 nH and, in the approximation of Eq. (9), a = 0.15 cm. Once parameter of the model are defined, impedance Eq. (7) must define the wake for the arbitrary OB. We tested the model for a symmetric circular taper in the round beam pipe with radius 4.5 cm. The longitudinal resistive wall (RW) impedance is given by
is the skin depth, OW = 3.84 x lo7 Ohms-'m-' is the conductivity of the A1 wall. At the bunch frequency, i.e at the revolution harmonic nnzax = R/a = 3.5 x lo4 the skin depth Sm = 2.94pm for b = 2.4 cm. Eq. '(11) has to be corrected for very small (skin depth comparable with the beam pipe thickness) and at very high frequencies"', otherwise the integral defining RW wake with such an impedance is divergent at high frequencies. The corrected form of the impedance leads to the following wake and
Here 2nR is the length of the beam pipe, b is the beam pipe radius, B = s/so, and so is defined in terms of the skin depth Smax taken at the bunch frequency
The total wake field W ( z ) and S(z) calculated for the PEP-I1 LER are shown in The contribution to the total wake from different components are depicted in The long-range wake is dominated by the NB contribution of the cavities and BPMs, which contribute about half of the wake. Note slow decay of the wake at large distances. The main contribution to the short-range wake comes from the inductive components and the resistive wall.
The transverse wake defines the transverse kick c A p l = NBe2xlWL(s) where xi is offset of the leading particle. The transverse impedance is, usually, defined as
Fourier transform of -iW_~(s),
The transverse impedance can be calculated using 
Equilibrium distribution and Threshold of the microwave instability
The potential well distortion changes the bunch length by Aa = a -00. For the pure inductive impedance, CT is given by where 2nR is ring circumference, and
For LER parameters and L = 83 nH we get Aa/a = 0.23 at Ib = 3 A.
More accurate result can be obtained considering the steady-state distribution of a bunch given by the Haiisinski solution. In the dimensionless variables, z = x / a g ,
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where OB is the zero-th current rms bunch length, the distribution function p(x) is
The normalization constant 2 is defined by the condition s d x p ( x ) = 1, and
The first term in the self-consistent potential U ( x ) is the RF potential. Example of the self-consistent solution p(x) and of the potential U ( x ) is shown in Fig. 12 for NB = 6.3 x lo1' (RW impedance is included in calculations). The potential U ( x )
can be approximated by a forth order polynomial as it shown in the left plot of Results of these calculations show that potential well distortion is small: rms bunch length increases by 15% at the maximum LER current of 3 A, NB = 8.3 x lolo. The variation of the rms is smaller than for the pure inductive impedance.
The bunch centroid is shifted at this current by one 00.
Stability of a bunch can be predicted only in the framework of a dynamic model of the microwave instability or with numerical tracking. Effective impedance is usually used in the Boussard criterion of the single bunch longitudinal microwave instability:
Effective impedance for the m-th azimuthal mode, m = 1,2.., can be definedi4Ias It has to be noticed, however, that the relatively small coherent tune shift is the result of cancellation of the contributions of the two sums in Eq. 26, while each one of them would give the tune shift by a factor of ten larger then the total tune shift.
For example, the last sum in Eq. 26 gives the tune shift s2/ws = 0.118, 0.088 for the m = 1, 2 longitudinal coupled-bunch modes correspondingly.
The higher order modes (m > 2) can have the growth rate comparable with the lower order modes due to very slow roll-off of the effective impedance at large frequencies. Landau damping for these modes is proportional to m and large enough to make them stable. 
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